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A b s t r a c t

WC!  pmcllt IIcw Widmlcc  d- tllc! flaglnmtaly structure of dcllsc Colts iu Clalli
clouds using  the  ]ligh resolution spectra c)f the carbon  chain II Iolcculc CCS trallsi-
tiom  (JN =- 21 - 10) at 22 .344033  G]lz  Inadc  with 0.008 ktn s–] rcsolutiml.  ‘J’IIc
obscrva.tions utilized  NASA’s 70-In antenna (spatial resolution of 45 arxscc.)  a]icl
tlIC lllt  MS two  ]nillio]l  channc]  W i d e  l]aIId S)wctru]l]  A]lalyzcr at Gol(lsto]lc.  ‘1’lIc
sl)cctra arc  ful ly  rcmlvcd  into lnulti}jlo  vdc)city Cmlnj)o]lellts,  caclI with i n t r i n s i c
line-width of 0.15 kln s-] or less, slightly larger than  the thmnal  broadening. ‘1’IIc
s])cxtral  li])c  profiles a]ld tllc })c)sitioI1  -\’clc)cit.y II IaI)S arc  dccoIIII)oscd  i]lto scwcral  vc-

]ocity co]llponc]lts  (cluInps),  providing II(:W insight into  tllc clll]llpillcss  and v~’lo~ity
structure witllill  tllc deIIsc  corws of cold dark clouds. WC illtcrj)rct tlIcsc cluIII])s

to be stable or quasi-stal)lc fra.glllc]lts  a])prcmcllitlg  tlIe lowest lIIass  (M w 0.01 J4EJ)
forlncd at tile cull] ]i]latio]i  of sucmssivc fraglllc]ltatioll.

S’ui)jcct,  headings: lSh4: star for]l]atio]]  a]ld fl:lg,IIle[]tatic)l]  - lSh4: IIN)lCCUICS -  ISh!l:
cloud  corm

dark

1~1) leave frolll ‘J’a~,a  ]Ilst,jtu(,e of l’u)lda])lcqltal ltcscarcll,  l~olllhay,  IIldia
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1 Introduction

‘l’o ulldcrstalld  the dyIlamics of star forlllillg  rcgiolls,  q}~~ially  ~11~ Ploccss of fraglll~llta-
Liml i] I dCIISC  lnolccular cloud corm, it is crucial tlIat wc klIow tllcir  vc]ocity  alId dm)sity
Stlllctulc. ]Icspitc  tllc ful]dalnmltal  IIaturc o f  this prol)lclIl, and altlloug]l  tllcrc m i s t s
a fair  amcmllt  of obsmvatim]al  data of  tllc corm, rdativc]y  little is klIowII  shou t  tl)is
pl’occss. ‘1’l]is lack is ~nai]lly  duc to tllc ol)scrvatiollal  lilnitatio]js  of s;)atial and s])cct,ral
rcsoluiio]]  ]Iccdcd  to idmtify  i]ldividual  ClNIIqE. I II this lmi/cr wc address oIIc of tllcsc
li~]litatio]ls  usi]]g ultra IIig}l rcsolutio]l  slxxtra,  su{hcimlt  h sc])aratc  out individual CIUIII]JS
alol]g  tl]c  line of sight,  ohtai]lcd  with NASA’S two ]nillioll  clla]l]lcl Wide IIal]d  S])cctrulll
A]lalyzcr (Quirk ct al. 1988) a]lcl 70-111  a]ltc]llla  at Goldstmlc. WC fiIId cvidcllcc for Inally
II1OIC clulnps  iJl i]ldividual  cores  tllall l)rcviously  suspcctccl  allcl  })rcscllt IICW results 011 tlIc
fraglnclltation  process ill dcIIse cores,

l{cmltly  Suzuki ct al. (1 992) llavc SIIOWII that tllc earl.mll cllaill Inolcculc  (JCS i s
widcsl)rcad  ill tlIc  quicsccllt  dark clouds. ‘1’}Ic  CCS  lillcs arc cxccllmlt  tracers for  illvcsti-

gatillg  tllc velocity structlurc  ill tllc dcIIsc mm , Lccausc tllcy lIavc  110 lIypcrfIIIc  strudurc,
arc IIcavy  cIIougl  I to IIavc iIltri]lsically  ]Iarmw tllcrl]lal  li]le width  (0.1 kill s- ] at 12 K), re-
quire  IIigll  dmlsity  for mc.it,ation,  and arc ])rol)al)ly  I]ot too o])aquc+ SUCII  i]lt,rillsic IIarrow
tllcrll~al  lillc widths af[ord  Ix:ttcr  sc])aratliml of vc]ocity  structure of individual coIII])w
II CIILS tllall lillcs of C(J, almnonia,  and lnost  otllcr lnolccular  tracers.  Wc uti l ized tllcsc
])ro]mt,ics of CCS as a tracer of clul]l])illcss  ill a systmnatic  survey of tllc (OICS of cold dark
clouds  ill tl]c JN = 21 – 10 trallsitioIl  a t  22 .344033  Gllz with vc]ocity  rcsolutio])  of 0.008
kln  S-  ‘ . ‘1’lIc multi])]c  vdocity  coln])ollcllts  a])]mrcIlt  ill tllcsc sl)cctra call IJC illtq)rctcd

as cwiclmlcc for very low lnass fraglnmlts  wllicll lnakc  u;) tllc larger strudurcs.  IImc wc
l)rcscllt  soIIlc of tllc IIigll  rcsolutiol]  s]x:ctra, aIIalyzc  tllc sq)aratio]l  of tllc CIUIII]M  witlllill
tlIc  corm,  and Icport direct obscrvdtiol]al  cvidcllcc  for ]) IcsclIcc  of low II]ass cluIn])s  forlncd
after succ.cssivc  fraglnc]ltatioll.

2 Observations

‘J’]IC CCS s])cct,ral lillc obsmvatiolis  of dark C . 1O U C1 cores  were II Ia(lc l)ctwccIl  13 hlarc.11
al]d 25 JUIIC 1993, usi]}g  NASA 70 in-a]ltclllla at Golds tollc,  Califor]lia.  At 22 Gllz tllc
a]mrturc cfl-icicllcy  was about 45(% at 50° clcvatio]],  tllc alltlclllla II I)IIW was 45 arcscc and
tllc ]milltillg  accuracy was better tlla~)  5 arcscc. ‘J’lIc overall systcIn  IIoisc was almut 60
1<. WC used tlIc  IIigll  l{csolutiol]  h!icrowavc Survey (lll{h!lS)  two InillioIl cllall~lcl, W i d e
l\alId S]mctruIn Allalyzcr with a s])cctral  resolution of 19 IIz over 40 h411z.  ‘J’IIc s]xc.tra
w e r e  takcll l)y o}mrvil)g  ON aIId OIJlr  sourm ])ositio]ls  for 5 to 10 IIli[lutm.  1)1{ 21  was
used for alltclllla calibratiol]so ‘J’lIc S]mtfral  rcsolutio]]  w a s  rcduccd  l)y adding  adjacmlt
32  clIaIIIIcls togctllm  to ])rovidc  8192 clIaIIIIcls  of rcsolutiml  0.610 kllx  (0.008 k]n s-’) ,
a~ld all 8192 out])uts  were stored. ‘1’lIc s])cctra w e r e  do])])lcr corrcctcd to all accuracy
better tllall O.OO4 km s-] . ‘.I’IIc IJ() frcqucl)cy  was lnailltaillcd  by a rcfcrcllcc frcqucllcy
standard IIydrogcll  maser. ‘]’]Ic s])ectra averaged over t}lc  data takcll at di{lcrcllt  tilllc.s

and  011 dif[crcnlt  days s]Iow slncarillg  of alJOUt 0.01 kill s- ].
\tIC; ],avc ol)sclI,c:C]  t},(: sl)cctl.a  i,, s ix ~];lIk ~]oll(l  ~olc:s (]ist~:{l  ill ‘J’a})](: ] ) W]lic])  ]IaVC t]lc

l)rigl]tcst clnissioIl  i]] tllc CCS  survey of Suzuki  ct al (1992), a]ld lIfivc ]na])]ml a fcw of
tllcln.  ‘J’hc ohscrvcd  ]mitio]ls arc illdicatlcd  ill I’ig.l. ‘1’IICSC  s]mctra were takml  wit]] total
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i~lkgratio]l  t,i~ncs  of 45 to 100 ]ninutcs  for tlIc  cc IItcrs of cores and 20 to 40 lnillutcs  for
otlIcr ]}ositioIls ill tlIc  ma])pilig  grid. 170] alm]utc  calibratioIl  of tl)c  illtcl)sity scale of tllc
spcct,ra  wc have usd t}Ic iI)tqratd  spcdral  li]lc tc]n]maturcs  of some of tlic ]msitio]Is
givm]  I)y Suzuki  ct al. (1 W?).

3 lll?sults

3.1 Spectra] line ])rofilc

Figure  1  slIows soInc of t}lc  s]mctra  ol)scrvcd  ill tlIc  dark cloud  corm, and ‘J’ahlc  1 suln-
]narizcs tllcir derived lillc ~)aramdcrs. Altllougl]  all s}mctra  were obtaiIld  with cllall~lcl
sc])aratiol]  of 0.008 kln  s- 1 tllcy IIavc hccII slnoothcd  to lower rcsolutiol]s  of 0.015 to 0.025
kln  s- ’  to ilnprovc  tllcir sigIlal to l]oisc r a t i o . I II  tllc top pallc]  arc SIIOWII tl)c  IIigllcst
rcsolutioJl  s]xdra (W 0.015 kIn s- 1, ill 1,149S, and ill tllc ‘I’hl C-l (coN>-]))  at 72 arcscc to
tllc soutll-casi  of tllc IIomilla]  mltmr. All tllmc s]mba arc fully J-CSOIVCCI  CVCII tlloug}l tl]cir
total widtl]  is very IIarrow  ( < 0.8 kIII s“ ‘). ltxcc])t for 1,1498 all ])mfilm  slIow cvidmlcc
for tllc prcsmlcc of lnulti])]c  colIl])oIlcllts. 1,1498 is tllc slIlallcst  core ill this saln])lc  (six
3.6 arclnill)  al]cl h a s  tlIc  IIarrowcst s]mtIuIn (lJig. l a ) .  Its widt]l  could  bc as Ilarrow as
0 . 1 3 5  kIII s- ’, as sccu I ill tlIc  illdividua]  slmctra lmfom  avcragillg. ‘1’lIc ])mfilc  of 1,1498 al)-
]mam to IJc that of a sillglc  velocity c.oln])ollcllt (altllougl]  tllcrc could bc two otllcrs). 011
tllc otl]cr IIalld 1,1544, 1,1521 I\, and ‘1’h4C-l cxl)il)it  scvmal  distinct  velocity col]l])ollcllt,s.
l“urtlIcrInorc,  parts of tllcir  ]nofilcs  suggmt  tllc ])rcsmlcc  of very IIarrow  gaussia]l  width
colnpollcl]ts.  For cxmnplc,  as SIIOWII ill l“ig. ]]) t]]c! s]lal”l) edges of ‘J’h!l  C-l ])rofilc call hc
WCII  fitted with a gaussial]  wit]) IIalf-widt]l  of 0.15 kII-I s-]. ‘J’hcl’(:forc,  WC! COJIC]UdC  that
tllc IIarrowcst  features ill tllcsc s])cctra IIavc a characteristic lillc width  of NO. ] 5 k]II s- ],

and illt)crprct  it as tlIc  illtri~lsic  lill(:-widtll  of a ty])ica]  COllcrcllt  strut.turc (CIUIII])) witliill
tllc core. Wllilc it is ]mssiblc  to fit tllc ]Iarrow’cst features ill tllcsc ])rofilcs wit]l  li]lc widths
[1OWJI to 0.10 kll”l  s-] , widt}ls  > 0.15 kIII s- 1 ])roducc  ])oor fits with cxccss  residuals at tllc
dgcs of tllc ])lofilcs. ‘1’llcrcforc  for tlIc  discl]ssio]]s  ])rescIIkd  IIcrc wc assul]m  tllc i]ltri]lsic
CCS lillcwidth  for tllc c]uln]m to bc 0,15 kIII s- ‘ .

‘J’IICXC  dark cloud  corm arc bclicvd  to IK: very cold,  wit]) gas ki]lctic  tmnj)craturcs

ty])ic.ally N1O 1{ (l] CIISOII  a~ld hlycrs, 1989).  l’urc  t}lm]]al l)roadc]lillg  for CCS a t  tliis
tmnpcraturc  is about 0.09 kIII s- ]. ‘] ’]lCJ’CfOIC  OU1 l’CSllltS  S]1OW t]lat t]lC 11011 -t]lCI’JIla]

I)roadmlillg i s  < 0.1 kIn s - ] . ‘1’lIc ]Io]l-tllcrlllal  broadc]li]lg ]I]ay I)c duc to tlurl)ululcc,

rotatioJl, iJlfall  and outflow; tlIus  turl)ulcllc.c,  if ])rcscllt  ail all, is < 0.1 k~n s- ].

3.2 Separation of clllm]x

3 . 2 . 1  IIccomposition  of  single line ])rofiles

‘J’IIc ]Ii.gh rcso]utio]l  aJld ]Iig]l sigtla] to Iloisc rat io ill t]lcsc! S]mctra  allow  us to dccoJII]msc
lillc ])rofiks  iJ1to  il]dividual  v e l o c i t y  colI)])oIIclIts wllicll arc SCCII  ill s~l])(:l])[)siti[~]l  a]o]lg
tllc li]lc of sight witlli]i  tllc antc]l]]a  Ixaln area. IJI tllc lower ])allcl  of l’ig. 1 (c & d) tllc
relative il]tcllsitics allcl velocities of the dccoJII])osccl  colII])olIcJIts  (C] UIII]E) arc ilidicatcd
by gaussiall  ])rofilcs. ‘1’lIc {lccolll])ositjio~l  IIas IWCJI  Inadc l)y dccoIIvolviIIg  tlIc  IiJlc l)rofikx
with a gaussia]l  of wicltll  (lJWllh’1)  0.15 kIII s -  1 col-lt!sl)c)llclillg  t o  tlIc  assulnd  lllaxilnuIll
i:ltlrillsic.  lillc ])rofi]c o f  a sillglc  cOIIIl)oIIcIIt. WC USC(I tllc i t e r a t i v e  C1.ltAN  algoritlllll
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(Iltigl)om, 1 974) for CIcc.ollvoluiiol). lJsiTlg  a sInallcr  width  of 0.10 kIII s-1 for tllc dccolI-
volviIlg  gaussiali  produd similar results ill tcmns  of tllc  lIUl I-Ilmr of c.oIIl])olIcIlts  and tllcir
vdocitics,  but  cl Ial Igcd tllc rdativc  illtxxisitics. IJargcr  intrinsic  widt]ls  ]mduccd  f e w e r
coIIq)oIJcIIts,  but rcsultccl  ill }mor fits aIId significantly large residuals. ‘1’lIc fits slIowII
ill F ig .  1 dcmmlstratc  clcar]y  tll(!  clull]])ilicss  and vc.locity  s t r u c t u r e  ill tllcsc corm. ‘1’IIc
})aralnctcrs  dcrivccl  fro]n  (~t3S spectra] lillc ])rofilcs arc givcnl  ill Table 1. \lTc assulI)e  that
in a sillglc  spdruln  wc am ab le  to  ddcd all tllc colIl])ollcllts  witllill  tlIc  bcaln  ( corrc-
spol)dillg  to about 1 ammill dialnctcr).  ‘I’l Ic total lluIlllm  of cluIllJ)s  in cacll  c~rC giv~:Il ill
‘J’ab]c 1 has bccII cstill]atcd  using this  assulnl)tioll. ‘J’lIc large lluTI]lm  of c.luIII])s  wit,hill
tllc corm (  >  1  0 0 )  iI1dicatc  a  Iligll clcgrcc o f  fragfnmltatioll.

3 .2 .2  Decompos i t ion  of Position-Velocity M a p s

‘~’]lC  C] UII1])S a])])(la~ to k S])atially  11111’(!so]vd  (X(! h!]ow) all{] t]lC1’(!fOl’C, t]l(! ‘]’A of al)y
vc]ocity  Coln])ol]cllt ill t,lIc ])rofi]cs ill lrig. 1 will bc diJI)illis}lcd  if it is loc.atd  away from t,lIc
tllc mltcr of tllc bcaln. To gain  lnorc il!sigllt  into  tllc clulI-ll)il)css  and veloci ty s tructure
tllall w]lat is illfcrrul  froln  tlIc  sillglc  s])cctral  lillc p ro f i l e s  slIowlI ill l’ig 1, wc IIavc a l s o
IIladc  CCS })ositioll-vclc)city  IIIa]M with Nyquist  saln])lillg  at every 24 arcscc.

As al] cxal]]l)lc,  Fig. 2 SIIOWS  a l)c)sitioI1-vcloc.ity”  IIla]) ill ‘I’MC ;-l<;  aloIlg  tlIc  cast-west
direction through tllc ccl]tcr of tllc core. ‘J’IIc slx:ctra at ]msitioIl  ofrscts  of 24 arcscc to
tllc cast aIld west, aloIlg  with tllc dccolIvolvcd  gaussia~ls,  arc also SIIOWII (Fig. 2C &t d ), so
t]lat t]lc  VC]OCity coll”lJ)ollcllts  SCCII  ill tllc Sillglc ])1’ofi]m call ~K! traced ill t}lc l)-V Ins]).  ]rig.
2b slIows tl)c  distril~utioIl  of  tllc cluln])s  (vdocity  colll])ollcllts)  ol~taillcd  hy  dcco]lvolvil]g
tllc ]mitiol)-velocity ma]) (Fig. la) using a 0.15 kIn s-” ] wide gaussia]l  for tllc illtfri]lsic  li]lc
lnofilc of a siIlglc cluIIIp,  as dcscrild  ill tllc ])rcvious  scctioI1. ]Iowcvcr,  ill this case wc
lIavc  also used tl]c  fact that  tllc cluIIIl)s  a])]xmr ill adjactvlt  s]wctra, wit}l tllcir intensity

fol lowing tllc al)tclllla  lm~III  pattmll. ‘1’llis  ])rovidcs  a ]norc  strillgcllt  c.ollstrail]t  011 tllc
cl(:c{)llvol~ltioll”  tllall  for tl]c  sillglc  spec t ra . ‘J’lIus  t h e  ~l,ltANcd and rmtorcd ]msitioIl-
vclocity IIlap (1’’ig. 21))  rc])rcscllts tllc clunl])  distribution alId tllc velocity structure. WC
IIavc d e r i v e d  silni]ar lna])s  of tllc CIUIII]N  ill ‘J’hf  C-l (core]])  and 11335 (c..f. Vclusalny  d
al. 1 993) and tllc results will IJC ])rcsc]]td dscwl IcIc.

As SCCII froln Fig. 2 tllc (Ic:c{)lll])ositjioll  of tllc veloci ty colll}mllcllts  ill tllc sillglc  lillc
])rofilcs i s  q u i t e  consistm]t  with that d e r i v e d  frol Il tllc l)-V IIlal)s. lrroln  lrig. 21.) wc
dd~!rlllillc  t]lat thCrc  a~~~ abollt  ]6 c]~l]l]])s  Wit]l  ‘1’A ~ ().5 ]{ (Wit]lill  ] x  h arCllli112)  aIld
w c  cstil Ilatc  a total of about  170 cluln])s  witllill  12.6 x 4 .1  arcl]li112 size of this cmc,
collsistcllt  with tlIc  cstilnatc  obtaillcd  hy  scaling  tllc lIuIIllm  o f  COII-I])OIIC]Ik ill a  sillglc

s]mctru]n. ‘J’]lcrcforc, tl]c  total IJulnlmr  of c.luIII])s  ill tllc  cores givcll ill ‘J’able 1 cstilIlatcd
frolll  scalilig  a sillglc  sJxxtrulIl  slIould  Im rclial)lc  witllill  a factor of 2. ‘1’lIcsc IIIa])s  w i t h
]) OSitiOll Ofl-S(!t ~k)ll~  [)II]Y OIIC dil’dioll,  do IIOt ]Iavc t]l(! t]’l](? ‘]’A fol a]] t]lc  C]l]II”l])s.  ](]Ca]]y
wc IId 3- dillmnsiol]a]  s])atjial-l’(:loc.ity  culms  to illvcstigatc  fully tllc true ljIigl)tllcss  of
all tl]c  clu IIl]m. Ncwcrthdcss, our IIla]m clcar]y  bring  out, tllc clulll])illcss  ])rescllt  ill tllcsc
cxm!s and tllcir  vdocity  distrihutio]l.

3.3 Size and mass of the cluml)s

III view of tllc crowding  of tllc clul II])s  it is difliclllt  to cstil)latc  tllcir size rclial)]y.  WC ])lacc
all u])l)cr  lil~lit  o f  30  arcscc as tllc c]ulnl)s  a])]war  to h ulIrcsolvcd  (ill tllc dccOIIvolvcd
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l )- V  lna])s  an uIImsolvcd  clump w o u l d  a])]war a s  a gaussiall  witlI lW1lM of  45 arcscx
abllg  t]Ic positioII  axis) .  ]JI core]]  of ‘J’h!l(;  -l t]Ic ]Iig]lcst brig]  )tIlcss of t]Ic dcmIIvo]vd
clu III]m is about  1.5 1{. It is likely that tlIc  clu Inl)s  IIavc o])tic.al dc])tlI T > 1 (ill fcrrcd fro:n
tlIc  limit given by  Suzuki  ct al. (1 992) using lower s])atial  a~ld s]miral  rcso]utioll  for this
tlallSi~iOll) a n d  t]lat  ~]lCil ‘~’A a])])  l’OaC]lCs t]lC CXCitatioIl  tCll”l]jcIatlllc  ill t]lC l’all~C of d.0
to 6.3 ]{ (dC1’ivCd  b y  ]]ira]laYa  Ct a ] .  ] 992).  ]11 t]lat  CiiSC ~]lC ]OW }Jli~]ltllCSS 0~)SC13d (]CSS

hy a factor  of 4 than ‘J’CT)  is duc to tllc hcaln  dilutiol]  and places a strillgcllt  u]qm lill]it
of about  22 arcscc for tlIc  angular size of tlIc  c.lu III}m.

III ‘J’ahlc  1 wc give cstilnatcs  of uJ)]m ]ilnits for tl)c  lnass of tl)c  cluIIl])s  ohtaillcd  hy
dividing  ihc masses of tllc corm by  tlIc  total II UIIIhCr  of CIUIII])S  dctcrlllillcd  froll] tllc lillc
))rofilcs.  FOI tllc total lnass of t}Ic cores wc IIavc USCCI tllc values from llCIISOII  and hlycrs
(1989)  as  we l l  a s  tl,c virial  ]nasscs  csti*natlcd fro,n tl,c lil,c  widt],s givc~,  i*, colu]II*I 4 i,,
‘RIbk 1. ‘1’lIc Inass  of core-l)  ill ‘1’hl~-l  was cstilnatd  usiIlg  tlIc  IIlcall dcIlsity  II(llZ) w
4x1  04 cl11-3 given by  IIirahara d al (1 992).  Sillc.c  wc l]avc  assuIIIcd  that all t}Ic II]ass of
tllc core is ill clu]n])s  the values ill ‘1’al)lc  1 for t}lc  cluIII]) ]nass  am u])])cr lilnits.

If wc assulnc  all a]lgular  size of 22 arcscc (0.015  ])c at tllc distallc,c  of ‘J’h!l(;-1)  for tllc
C. IUIII]E tllcn using tllc IImall  dc~lsity ill tllc ‘J’h4 ~-l COIW wc get a lower li]llit  cstil])atc  of
0.003 J4@ for tllc!  Clull)])s. llowcvcr  this cstilnatc  is ullccrtaill  I)y all ordm of IIlagllitudc
if tlic clulnl)  size or tllc clcljsity  or I)otl) slIould  hc di{lcrmlt, ol)vious]y,  t,lIc dcllsity  ill tlIc
clulnps  wi l l  k IIigllcr  tl~al)  tllc lncal]  dcllsity ( w 4X104 CIII-3).  III tllc ])ositioI1-1’(:l(Jcity
Ina]m of the cluInlm (1’ig. 21.)), wc fiIId tllc ratio of tllc CIUII1]) to iI]tcr-clulll]}  briglltllcss

varies froln 2 to 5 (tllc inter cluIIIp I)rig}ltllcss is al)out 0.3 1{). ‘J’IIc true l~riglltllcss  of the
clu In]M II)ay bc Inucl  I }Iig}lcr ( ~ a factor 4) WIICII corrcc.tcd  for l)e.alll  dilution. Assu  III-
illg collstal)t  f r a c t i o n a l  al)ulldallcc of C(;!3 ill tlIc core  this brigllt]lcss  variatiol]  IIIay Im
illtcr])rctcd  as clcllsity  cmltrast  l)ctwccll  tllc clulIl])  and illtcr  (Iulnl)-rcgioll.  ‘J’llcrcforc, t}lc
dcvlsity ill tllc cluIII])s  is  l ikely to lm IIigllcr I.)y a factor of 10 tllall  tlIc  IIwall dcllsity  ill
tlic core. IIowcvm, as tlllc  all.gular  sim of tlIc  CIUIII]W arc likc]y  to Lc slllallcr, tllcse IIlass
estimates will IIOt illcrcasc by  IImC  tllall  a factor of a. few. If wc assuII1c  tllc tuIl)ulcIIcc
to t)c ~ 0.1 kIn s- ] within  a clu Inp (after a]lowillg  for tllmnal  l)madcllillg a]ld systclnatic

velocity Inotiol]s,  rotatiml, illfall,  outflow, etc.  )  wc cdilnatc  tllc virial lnass i:l a sillglc
C] UJII}) to bc < 0.04 hlc), for  C] UIIIP s i z e  < 30 al’cscc. 1“10111 all tl]c  almvc coIlsidcratioll,
al]d tllc cstilllatcs ill ‘1’ab]c! 1, wc coIIcludc  that tlIc  lilllits  for tile lnass of tllc clu III]m arc
ill tllc rallgc Ix!tw’cml  0.003 a~ld 0.04 hlc); lICIIC.C, tllc Illass  of tlIc  CIUIII]) is Imst likc]y to
bc of tllc O](ICY of 0.01 h4E>.

4 Discussion

‘]’lIc critical mass a~ld radius for colla]m  of a 20 K cloud c.orc is almut 30 hl@ slid 0.3 l)c.

1 lowcvcr olIcc it starts to colla])sc , tlIc  critical II)ass  for colla]m  dccrcascs  as tllc colla]m
procmds,  and hmaks u]) i]lto  slnallcr fraglllcllts  of slIlallcl’  IIlass , wllic]l could t,l IcIIIsclvcs
colla]m ill(lc!l)cIlclclltly,  ‘1’}ICSC fragllmlts ill tUIII lXX:OIIN  lial)lc  for furtllcr  fragll]mltatiollo
]Iowcvcr, tlIc  ])mccss  of IIicrarcllical  frag]llclltatioll  wi l l  ultilI]atcly  bc IIaltcd  as ])art o f
tlIc  g rav i t a t iona l  ]mtmltial clIcrgy  is Collvcrtcd  into IIcat. ‘J’lIc  ]owcst  lnass ]mssil~]c  t o

forln  hy  successive flagII-lcl~tatioll is almut 0.01 hlo (Sljitzcr 1988;  I{CCS  1976; I,OW a]ld
IJvlld[!ll-llcll  1976).,

t is illtrig[lillg  tlidt  tllc lnassm  of tllc l o w e s t  sul)-ullits  (fraglImllts)  tlIus  forIncd  lJy
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succmsivc  fragmclltatiol],  arc C.ollq)al’ab]c to tllc Clulll])s  ddcct’ml  ill tllc Ccs Spcctm.
IIowcvcr, tllc tl)cordical  lilnit,illg  ]nass  f o r  fraglmlltlatioIl  IIas bcmI dcrivd  olI tlIc  as-
suln])tioll  of IIigh density w 1010 cln-  3, and coolil)g  hy  mnissioll  frmn o])tical]y  t,l)ick dus t ,
l)ut, dctcctioll  of ~~S cl]]issioll frolI) tlIc c.]uln])s  illdicatc  a ItIuclI  ]owcr  dmlsity  (104 - 106
CIII-3).  NCVCMICICSS,  it SCCIIIS  possil~]c  that tllc successive flagI1-lcIltatio~]  lnay also result
ill lmig lived quasi-stable low lnass fragllmlts  wit]) dcllsity  of 105 to 106 CIII-3. At dmlsitics
< 104 CIn-3 tlIc  molecular line  cIllissioll  fro]]) (;(), ~S, 02, ctc,, is very cfficimlt  for cool-
iIIg, lJut at dcnsiticx  z 104- 1 05 

C In - 3 lxxxMIm  less cfEcicllt  (Goldslnit]l  allcl IJallgcr  1 9 7 8 ) .
At low gas tcInpcraturc  ( ~ 10-20 K), it is ])ossil)lc to balallcc ( or at least slow) tl]c
furtllm  colla]mc  of tlIc  fragmcllt. A colllI)arisoIl  of tllc tllcrlnal  tilnc scales, wit]] tlIc  free
fall tilncx,  a]ld SOUIICI  speed iIl this dcl]sity  rcgilIw  illdicatc  t}lat  tl)csc  fraglmvlts  arc likc]y
to bc stable, wit]) l i fet ime of 105 yr, as tlIcy  arc coIIfiIIcd  cxtcrIlally  by  tllc illtfcr-clulll])
gas (lJangcr  d al. ]993).  A s  SCCII  frolIl t}lc  lna])s  o f  ‘1’h~~-]~  (]rig.  ‘2])) and mm-]) ill
‘J’N4G ], a ]argc fraction  (about  50 ]mrccIit)  of  t]lc  IIIaSS iIl t]Icsc  c.01’cs arc ill t]lc  c]ulnps
and II CIICC arc coIIIl)ldcly  fraglncvltmcl to tlIc  slllallcst possible  lilllit.  If star forl]latio]l  is
to take ~Jlacc  lIcrc  tl]csc  fraglncllts  Il]ust  coalcscc  to gat]lcr  su{]icicllt  Illass  fol ]Jrotostcllar
collapsco If tl]c  molccmlar  clu]n])s am illdccd  quasi-stable, as dcscrihcd  above, there l]~ay

IW clIouglI tilnc for coalcsc.cllcc  to lead to a ])mtostcllar  objcd.
W C would like to tllallk IncIIIbcrs  of tllc lll{h4S  and l)SN stafr for tllcir  }IC1;)  wit]] tlIc

opcratiol)  ~hc 70 In-alltcIITla and W1]SA.  WC a l so  ap])rcciatc  tlIc  su])])ort  and cllcourage
IImlt of l)rs. S. Gulkis and M. Klci]l  of JPl~.  ‘1’llis  rcscarc.})  was conducted wllilc  ‘J’.V.  }Icld
a NatioIlal l{cscardl (~ou~lcil  ScIlior  l{cscarcll  Assoc. iat,csllil). ‘1’llis  rcscamlI was pcrforlnd
at i,l)c Jet Pro])ulsioll  laboratory,  ~aliforllia  lllstitutc  of ‘I’ccl  IJIology,  uIIdcr  col]tract wit])
National Aeronautics and S])acc A(lll)il)istlatic)ll.
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5 F’igure C a p t i o n s

l~igurc 1. lJltra-}ligll  rcsolutioII  ~~S(J~T  = 2] - l.) slwctra  of dark C1OUCI corm at 22 (;l Iz.
‘1’IIc s]mctra have bccII sIIIoothd  to a vclociiy rcsolutioII  of 0.015 aIld  0 .025 k]n s-] a s
illdicatd.  ~’lIc obscrvccl  spcctrd  liIIc profi]cs  arc showII by t h i c k  lillcs, Gaussian  f i t s  to
tlIc  ]jrofilcs  or to  ]Jarts  of  t}lmll arc illdicatd  })y t,}]il] lil)cs. ‘1’l]c illtcllsities aJc  i]] ullit,s
Yh iIl K. ‘1’IIc velocity  rallgc is 1.7 km s - 1 ccIItmd  at t,lIc IIolnilla] l~,r  of tllc cores.  ‘J’lIc
l{A(l 950) and 1)cc(1950)  of the source positiml  arc illdicatcd, ‘J’IIc gaussial]s fittccl to
(a) tl,c ],arrowmt  s]mctral  li*,c il, 1,1498 a],d (b) tl,c s}laq, cclgcs of tl,c ]}rofi]c  i*, ‘I’ill C-l ,
have FW1lM of 0,15 k]ll s-]. ‘1’lIc gaussiall  curves SIIOWII ulldcr  spectral lillc ])rofi]cs (c)
1,152111, allcl  (cl) 1.1544, ml)rcsm)t  tlIc  dccoIIvolvccl velocity comImIIcIIk  (CIHII-I])S)  caclI
with intrinsic lillc-widtl]  of 0.15 km s- ].

l’igurc  2.  Velocity structure of  mm-1  C. (a) l’ositioll-Vdocity  IIla]). ‘J’lIc  ]Jositioll
offsets arc along tl]c  cast-wc!st  dircctio]]  (cast  at to])),  aIld ccIItcrcd  at 1{. A.=- 04’’38’’’30S. 0
and, IIcc.= 25 °54’58”. TIIC vc]ocity  and slmtial  rcso]utiolls  arc 0.025 kln  S-l and 45 arcscc
rcs]miivdy.  ‘1’lIc f i r s t  contour  al)d coIItour  illtcrval a r c  0 . 1 5  1{ ill 7~. (1)) ‘1’lIc vdocity
structure of  CIUIII]M  derived hy  dccmlvolvillg  tllc l)-V lna])s  using (; I,13AN and assulnillg
all intrinsic  lillc-width  of 0.15 kln s- 1 for cacll clu IIlp, lror cmll])ariso]l  to tllc l)- V  lna])s
wc S]IOW t]lc  ]i]lc ])rofi]cs and tllcir vc]ocity  coIIIl)oIIcJIts  at })ositio]l  of[scts  of 24 arcscc l,o
tllc (c) cast and (d) west.



‘J’able 1
SuInmary of s])cctral lil]c ])rofiles

cloud VI,, ~’A f.inc CO1’C No. o~ col’t clump C!ll Illp

CO?’c U)idt}lb I’adius Clutllps. ‘TIi ’cl. s.s massd ?fiassc
(km.s-’ ) (K) (kms- ‘ ) (arc?ni?l)  in Corcc Al@ Al. Afm

7’h4C --- la 5.83 3.25 0.72(0.50) 2.8 150 5.3 0.07 0.04

l/1498f “(.84 1.69 0.35(0.16) 1.5 - 0.82 -- -

1,1.521 IN 6.45 1.83 0.66(0.42) - - -- - -

~’AiC~  -- 1~ 5.36 2.45 0.58(0.27) 3.6 150 10.0 0.07 0.01

1,1544 7.18 1.38 0.64(0.46) 2.5 I 20 1.2 0.01 0.03

1/1 529 6.13 1.06 0.60(0.31) 3.6 250 16,0 0.06 0.01

a  position  of core-l)  iu ~~S II-1ap of IIirahara ct al (1 9 9 2 ) .

b  widi,}l  at base; va]uc assuInd  for virial  Inass  is givcI]  witl]ill  ])arcIlthcsis.

c  total IIumbcr  cstilnatcd  usi])g core radius aIld coIIlpoIlclIts  ill a sil)gle profile.

d  cstill~atcd assumi]ig c o r e  ]Ilass  obtail]cxl froln lncan dcllsitics.

e cstilllatcxl  assulniIlg  virial lnass of tllc core.

f IIumbcr  of cluIIlps  IIot given; profile a])]mars  to have OIIC cmn])onmlt  t} IouglI  it could lJc

duc to supcrpositioIl  of Irlulti])]c  colnpol  Icl Ils wit]) low velocity dispcmioll.

g total IIumbcr of dumps not givcrl; ])rofilc  s}Iows  at least 4 COII-I])OIICIItS;  core parallmtcrs  IIOt avai]ablc.
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